
The first “pipelines” were laid in China about 1000 B.C., while the first oil
pipeline was built in Baku, 1878, it was above 10 km long and 2” in diameter and
it was realized to decrease the cost of transportation by above 90%.
In the late ‘20s, the manufacturers started to weld pipe with electric resistance-
welded that brought a “tremendous upgrade” compared to acetylene weld.
The development of a national pressure piping code in USA started in 1915. Later
in 1935 the American Tentative Standard Code for pressure piping, B31, was
issued. The control of the external corrosion had in the late ‘40s a real key stone as
many pipeline operators introduced the cathodic protection for new pipelines.
Some milestones in “in the trench” construction started in the same period with the
large spread of radiography
However, the real big leap in pipeline steel quality started in the ‘60s, as the use of
low carbon steels resulted in tougher grades. In that time other improvement in
pipeline industry procedures, as testing all new pipeline construction by a
hydrostatic pressure ”field” test, assured the proper serviceability of the pipe
before its operational phase.
Furthermore, the development of coatings gave another help for controlling the
external corrosion. In the ‘70s the introduction of TMPC “Thermo Mechanical
Process” was the latest breakthrough for increasing the pipeline steel strength,
toughness without any detrimental effect on weldability

ACCIAI PER OLEODOTTI (PIPELINE)



 
 

Fig 2. Rolling Schedules: on the left, normal rolling and normalising, on the right thermomecanical 
processing.  [2] 

 
 

 
 

Fig.3a. Development of pipeline grade  steels  Ys.  time,  and  metallXrgical  ³recipes´ 
 

   
Fig.3b. Overall scheme on pipe steel and production technique evolution in the last 60 years 

 

The basic concept of
thermomechanical treatment
(TMT) or thermomechanical
controlled processing
(TMCP) is responsible for
the development of many
advanced steel grades with
improved mechanical
properties during the last 50
years.
The basis to produce fine,
homogeneous
microstructures with
improved properties. Starting
from structural steels,
improvements can be
achieved with respect to
higher strength and toughness
values combined with better
weldability and formability,
mainly based on reduction
of carbon content and finer
grain sizes.



ACCIAI PER OLEODOTTI

Negli ultimi 80 anni gli oleodotti si sono evoluti verso distanze sempre più
lunghe, diametri sempre maggiori e pressioni sempre più elevate
(attualmente 1450 lb/in2).
Ovviamente gli acciai richiesti devono possedere:

• elevata sy e st
• sempre di piu’ si richiedono alte pressioni 10-12 atm
• elevata saldabilità
• elevata tenacità

Oltre a queste “ovvie” richieste si cerca:
• resistenza al buckling (carico di punta) a profondità dell’ordine di
170÷200 m
• resistenza alle basse temperature (soprattutto quando si
trasporta gas liquido)
• resistenza all’hydrogen-induced cracking (HIC) per petroli ricchi
in H2-H2S etc.



• Many new major Oil and Gas reserves are in remote locations and
will require the construction of long distance pipelines.

• Pipeline construction costs can exceed:
– $1M - $1.5M per mile for cross country pipelines
– $3M - $5M per mile for offshore pipelines

• In many cases the cost of pipeline construction dominates the
economics of Oil and Gas recovery.

• In addition to the capital investment associated with new pipeline
construction, there is a need to extend pipeline design methods to
cover increasingly demanding operating requirements.

Pipeline Cost Reduction
– High Strength Pipe Materials
– High Productivity Welding
– Advanced NDE Methods
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Figure 1: Material savings due to the use of high strength steel for a given pipe diameter 
 
 
 

 
Figure 2: Spring back after U-ing with 
conventional U-ing punch 
 
 

 

Figure 3: Shape of the modified U-Press 
tool 
 
 

 
 

Spot 
marks 

Hardness Spot 
marks 

Hardness 

1 348 12 294 
2 330 13 303 
3 326 14 306 
4 273 15 299 
5 317 16 302 
6 292 17 279 
7 297 18 276 
8 291 19 268 
9 289 20 333 

10 290 21 332 
11 294 22 348 

 
Figure 4: Distribution of Hardness HV10 
(BM-HAZ-WM-HAZ-BM) of pipe grade X120 
 



For short length pipelines the pressure drop due to frictional
losses is small, so that compression is not required.
For longer pipelines, once the pressure drops then a re-
compression stage is used to increase the pressure up to the
level needed for the actual transportation demand. This
process is regularly repeated along the pipeline.
The key fact in developing long-distance pipeline is based on
the nature & volume of the fluid, the pipe length, location
and terrain and on the possibility to cut the cost to reduce
pressure drops by increasing the operational pressure.

LATEST DEVELOPMENTS IN MECHANICAL PROPERTIES AND 
METALLURGICAL FEATURES OF HIGH STRENGTH LINE PIPE STEELS 

D. Belato Rosado1, W. De Waele1, D. Vanderschueren2, S. Hertelé1 

1 Ghent University, Laboratory Soete, Belgium 
2 Ghent University, Department of Materials Science and Engineering, Belgium 

Abstract: In response to the increasing demand to improve both transportation efficiency and performance, 
the steel pipe industry has conducted extensive efforts to develop line pipe steel grades with superior 
metallurgical and mechanical (strength, toughness and ductility) properties in order to allow exploitation in 
hostile environments. This paper aims to give an overview of recent developments of high strength pipe 
steel grades as API 5L X70 and beyond, providing a detailed understanding of the continuous 
improvements with respect to a strain-based design context. Information regarding the metallurgy and 
processing, such as chemical composition, microstructural design, thermo-mechanical controlled process 
(TMCP) and accelerated cooling process (AcC), to achieve the target strength, ductility and toughness 
properties are discussed. 

Keywords: High Strength Line Pipe Steel; Development; Strain Based Design; Mechanical Properties. 

1 INTRODUCTION 

1.1 Latest developments of high strength line pipe steels 

The trend in the demand for large diameter pipe, in order to improve transportation capacity, is well-
established by the contemporary onshore energy industry. The need to achieve higher strength 
accompanied with sufficient toughness and ductility has pushed the development of high strength steels 
(HSS) aiming at performance and durability to operate in harsh environments. These new steel grades for 
high pressure purposes (between 12 to 20 MPa) can be seen as an advanced variant of high strength low 
alloy (HSLA) steels. HSS steels typically contain very low carbon content and small amounts of alloying 
elements (microalloyed), such as Nb, V, Ti and Mo [1-4]. 

High strength steels such as American Petroleum Institute (API) 5L X70 and beyond, possess highly 
refined grain and high cleanliness. They are characterized by the low sulphur content and reduced amount 
of detrimental second phases such as oxides, inclusions and pearlite. Figure 1 shows the continuous 
evolution of HSS line pipe steel grades in terms of strength and toughness over the last decades, as well as 
a short description of the main alloying elements and processing applied [4-6]. 

The determining factor responsible for improvements in mechanical properties for currently used high-
strength steels relies in the complex thermomechanical controlled processing (TMCP) routes followed by 
accelerated cooling (AcC). By this method, the rolling mill has become an important metallurgical tool not 
only able to achieve the final product shape, but also to produce higher strength microalloyed steels by 
grain refinement, having reduced carbon content and thereby excellent field weldability [1-2]. 

 

 
Figure 1. Evolution of line pipe steel grades as an example of HSLA steel development [4]. 
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Molti degli acciai scelti si basano sulle tabelle dell’API (American
Petroleum Institute); la prima risale al 1948 ed elencava un solo
acciaio (X42 con sy = 42 ksi); attualmente vengono classificati acciai
fino al X80 à sy = 80 ksi (80 ksi=551 N/mm2) e anche X100 (sy = 739
N/mm2 con una T di Transizione D-F di -15C)

La classificazione in “limite di snervamento” è dovuta al fatto che:
maggiore è la sy, minore è lo spessore a parità di coefficiente di
sicurezza.
(il passare da X70 à X80 porta ad un risparmio del 12.5% nello
spessore, passare da X70 a X100 porta ad un risparmio del 30% nei
costi).



Current Status
• X80 Pipeline Technology

– Proven methods for X80 pipe production
– Good material properties (including crack arrest)
– Proven construction methods
– Cross country X80 pipelines constructed in Europe and Canada
– Offshore X80 pipelines are becoming increasingly common 

(pipeline, flowlines, and risers)
• Summary

– X80 Pipeline Technology is Mature
– The largest development “in field” application” is in North 

America and in the United Kingdom where most of the operating 
X80 lines are located

1.2 Line pipe steel mechanical properties for strain-based design applications 
Hostile environments as well as pipeline installation conditions may impose plastic deformations (strains) to 
the transport pipeline. In such situations, where the conventional stress based design is an insufficient 
basis for pipeline integrity assessment, strain based design (SBD) concepts must be considered. The 
extent of the imposed tensile strains iV  TXanWiWaWiYel\   e[SUeVVed  aV   µVWUain  demand¶ (global strain), which 
mainly origins from seismic activity and permafrost effects [1, 3, 7]. 

To ensure the pipeline integrity it is important to define the maximum allowable global strain. This so-called 
strain capacity has to be greater than the imposed strain demand, in order to sustain the plastic 
deformation imposed by hostile environments [3]. As a consequence, a deeper understanding of the pipe 
strain capacity is a fundamental aspect to be discussed. High strength line pipe steels belong to the large 
category of metals that exhibit two stages of strain hardening (alVo   called   µdoXble-n¶   behaYioXU) [8]. An 
accurate description and determination of this stress-strain behaviour and the toughness properties of line 
pipe steels is a key point in performing a strain based assessment [1, 7]. 

HSS steels are designed to provide better mechanical properties and/or greater strain capacity to sustain 
imposed plastic deformation [3]. In fact, higher strength line pipe steels tend to have lower uniform 
elongation, resulting in a lower deformability. This is obviously an opposite trend regarding to what is 
desired of the application of high strength pipelines. Therefore to promote a high strain capacity, HSS line 
pipe steels for strain-based design applications must have sufficient toughness and high deformability as 
well as higher strain hardening, which mean a lower yield to tensile (Y/T) ratio and, also a higher uniform 
elongation (em). High work hardening accounts for the ability of a material to distribute the strain more 
uniformly in the presence of a stress gradient which restricts the onset of strain localization. Usually, steels 
that have such properties possess a well-defined round-house type stress-strain curve (continuous yielding 
behaviour) [1, 9, 10]. Figure 2 (a) shows the main stress-strain parameters, which are relevant to a strain 
based assessment [1]. Stress-strain curves of dual-phase (DP) steels produced on laboratory scale 
(µdeveloped¶) are shown in Figure 2 (b) by comparing with steels manufactured on industrial scale 
(µconventional¶). All µdeveloped¶ line pipe steels have lower Y/T ratio, higher strain hardening and longer 
uniform elongation [9]. 

 

  

Figure 2. Relevant stress-strain parameters and stress-VWUain  cXUYeV  of  µdeYeloSed¶  line  SiSe steels and 
µconYenWional¶  oneV  (longiWXdinal  direction) [1, 9]. 

 

2 MECHANICAL PROPERTIES OF HIGH STRENGTH LINE PIPE STEELS 

The abovementioned key material parameters are governed by both steelmaking (metallurgical design) and 
further processing (final mechanical properties) [4, 7, 11]. Both are separately discussed below. 

2.1 Metallurgical characterization 

2.1.1 Chemical composition 
The chemical composition of HSS steels may vary for different product thicknesses to meet particular 
mechanical property requirements. Usually, they have a manganese (Mn) content up to 2.0 wt% in 
combination with very low carbon content (< 0.10 wt% C) and also minor additions of alloying elements 
such as niobium (Nb), vanadium (V), titanium (Ti), molybdenum (Mo) and boron (B). The main function of 

(a) (b) 
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ExxonMobil and Nippon Steel Corporation have jointly developed
an ultra-high-strength large-diameter linepipe, X120. The X120
linepipe was successfully developed while leading steelmakers of
the world were pursuing the development and commercial applica-
tion of X100 linepipes, and the development of the X120 pipe accel-
erated the strength improvement of linepipes as illustrated in Fig.
12).

2. Development Targets and Problems to Overcome
The targets at the development of the X120 linepipe are listed in

Table 1. Since the pipe had to withstand the inner pressure specified
for X120 in the API standard, it was necessary that its specified mini-
mum yield strength (SMYS) in the circumferential direction be equal
to or higher than 120 ksi (827 MPa)*1). The strength in the longitudi-
nal direction was not specified because it did not directly affect the
strength against inner pressure. For the purpose of preventing the
initiation of a crack, the Charpy V-notch impact value (CVN value)
of a welded seam was specified as a target of low-temperature tough-
ness required of a steel pipe, and for the purpose of arresting the
propagation of a crack, should one occur, the ductile-to-brittle tran-
sition temperature (DBTT) at a CVN test, the ductile fracture ratio at
a Battelle-type drop weight tear test (B-DWTT) and the CVN value
were specified as target values for a base metal. The values adopted
as tentative targets of the above property items were those obtained
by extrapolating the values required of grade X80 or lower under
DNV OS-F101 2000, a commonly used pipeline standard. Since the
developed linepipe would be used often in cold regions, the required
property figures were those at –20°C. It has to be noted that the test

temperature was set at –30°C except for the tests using full-thick-
ness test pieces.

An X120 linepipe requires far higher production technology than
an X65 or X80 linepipe does, and the research and development ac-
tivities for the X120 linepipe in all the technical fields such as mate-
rial design, steelmaking, casting, plate production and pipe produc-
tion (UOE press forming, seam welding, etc.) had to be organized in
an organically integrated manner.

3. Product Development and Its Properties
3.1 Development of plate

The required quantity of linepipes for a pipeline project to which
the X120 linepipe is applied is in the order of several hundred thou-
sand to one million tons, and the product has to be produced within a
comparatively short period of time. In view of this, the steel plate for
the X120 linepipe has to be an as-hot-rolled plate not requiring heat
treatment processes, and its production processes have to realize high
productivity. Further, since the construction speed of a pipeline is
governed by the speed of the girth welding at the construction site,
very good weldability is required of the linepipe. For this reason, the
steel plate of the X120 linepipe must be of a low-carbon steel that
has low sensitivity to cold crack, allow elimination of preheating for
welding and be of a high toughness. In order to realize high strength
with a low-carbon steel, it is necessary to make the most of transfor-
mation strengthening. Following the above reasoning, microstruc-
tures with which high strength and high toughness could be obtained
were studied.

Steel plates of different chemical compositions were experimen-
tally produced through different manufacturing processes using labo-
ratory equipment and were examined. As a result, it was found that
satisfactorily high strength and toughness (an initial target value of a
CVN value of 120 J or higher at –30°C) could be obtained with a
low-carbon bainitic structure. Extremely high CVN values can be
obtained especially with a lower-bainitic structure as seen in Photo
1. With an upper-bainitic structure, coarse martensite austenite con-
stituents (MAs) as shown with an arrow in the photo exist, and the

*1) Under the API standard, the proof stress at 0.5% under-load is used as
the yield strength of X80. However, as strength increases, it becomes
necessary to use larger under-load values such as 0.6%, 0.7% and so
on for correctly measuring yield strength. To avoid the complexity, the
proof stress at 0.2% offset was used as the yield strength of X120.

Property Base pipe Seam weld & HAZ

Tensile strength (TS) YS * 827MPa (120ksi) TS * 931MPa (135ksi)
(circumferential) TS * 931MPa (135ksi)

CVN energy@–30°C * 231J * 84J

CTOD@–20°C * 0.14mm * 0.08mm

DBTT of CVN ) –50°C

B-DWTT SA@–20°C * 75%

Table 1  Targets of X120 development

Photo 1 Effect of microstructure on CVN value (microstructure, IDQ
stop temperature, CVN value at –40°C)
(A) Lower bainite, 453°C, 258J, (B) Upper bainite, 533°C,
167J

Fig. 1  Evolution of linepipe technology
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Current Status
• X100 Pipeline Technology

– X100 Pipeline Technology is at an advanced stage of 
development and demonstration.

– Crack arrest performance is still not fully proven, particularly for 
high pressure applications.

– TCPL constructed an X100 pipeline loop in the Fall of 2002 to 
gain experience with field construction.

• X120 and Beyond
– Major proprietary R&D program to develop and assess X120 

and X120+ pipeline technology.
– Initial results are very encouraging.
– gas transportation at a much higher pressure (25 MPa)

Ultra-high strength pipeline 
"X120," adopted in Canada



X60 si ottiene con processo termomeccanico controllato (controlled-rolled);
ha una struttura ferritico-perlitica ottenuta con l’addizione di 0.03% Nb.

X65 e X70 richiedono oltre all’affinazione del grano apportata dal Nb un
indurimento per precipitazione ottenuto con aggiunte di vanadio (0.07%).

X80 si migliorano e si controllano molto bene tutti i passaggi precedenti più
si aggiunge Ni e Mo (0.35%; 0.29%).

The target tensile properties (Yield) of X100 and X120 were
selected to be 690 MPa and 827 MPa (120 ksi)
fine low carbon martensite and lower bainite dominant
microstructure is essential to achieve adequate fracture toughness at
the strength level over 900 MPa. In order to maximize austenite
hardenability while keeping Ceq low for enhanced weldability, low
carbon Mo-Nb and B free steel and low carbon Mo-Nb steel
with a minute amount of B were designed for X100 and X120,
respectively.



The steel for X100 is
0.07%C - 1.83%Mn - (Cu-Ni-Cr-Mo-Nb-Ti)

steel for X120 is
0.05%C - 1.56%Mn - (Cu-Ni-Cr-Mo-Nb-V-Ti-B)

The Ceq are 0.21 % for X100 and 0.20 % for X120

Plates up to 20 mm thickness with at least 231 J Charpy energy at – 30C

X10 and 120 require Submerged arc welding (SAW)
the arc is formed between a continuously-fed wire
electrode and the workpiece, and the weld is formed by
the arc melting the workpiece and the wire. However,
in SAW a shielding gas is not required since there is a
shielding flux applied around the weld
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Table 3: Mechanical properties of X120 plate (round bar specimens) 
Parameter  Mean values 

transverse 
Yield strength  Rt0.5 843 MPa 
Yield strength  Rp2.0 1087 MPa 
Tensile strength  Rm 1128 MPa 
Yield-to tensile ratio) Rt0.5/Rm 75 % 
Yield-to tensile ratio  Rp2.0/Rm 96 % 
Elongation  A5 14.3 % 
CVN toughness @ –30 °C  250 J 
 
 
Table 4: Chemical composition of different weld metals  

Wire / Flux-
combination 

Pass C Si Mn Cr Ni Mo PCM 

Inside 0.06 0.30 1.93 0.98 1.57 0.83 0.33 C 

Outside 0.06 0.32 1.94 1.00 1.60 0.83 0.33 

Inside 0.07 0.47 1.98 0.35 1.04 0.40 0.27 B 

Outside 0.07 0.50 2.01 0.35 1.12 0.41 0.28 

Inside 0.05 0.26 1.95 0.21 0.22 0.52 0.25 A 

Outside 0.05 0.26 1.99 0.20 0.21 0.56 0.22 
 
 
Table 5: Transverse weld tensile strength of different weld  
seams  

Wire/Flux 
combination 

Tensile strength Fracture 
position 

1024-1025 MPa HAZ C 
956-986 MPa HAZ* 

976-1013 MPa HAZ B 

914-918 MPa WM* 

A 860-865 MPa HAZ 

 777-779 MPa WM* 
* Weld reinforcement removed 
 
 
Table 6: Main composition (mass-%) and mechanical properties of the weld metal of the two pass SAW 
weld of the X120 pipes 
 C Si Mn Cr Ni Mo CEPCM YS TS  Y/T El CVN  

@ –20°C 
outside 0.06 0.29 1.88 0.9 1.3 0.82 0.32 780 MPa 941 MPa 83 % 18.5 % 64 J 
inside 0.06 0.30 1.87 0.8 1.3 0.75 0.32      

 
 
 
 
 
 





Negli ultimi anni sta aumentando la richiesta di acciai per condutture per il
trasporto di oli o gas “acidi” (sour) in pratica contenenti livelli significativi di
H2S e CO2 (la National Association of Corrosion Engineers -NACE-)
definisce “sour” un fluido che contiene almeno pH2 > 0.0035 atm.

Entrambi i due gas diventano corrosivi in presenza di umidità e sono 
responsabili della corrosione del gas naturale altrimenti non corrosivo.

Normalmente i gasdotti non lavorano in condizioni corrosive ma una
qualsiasi causa che faccia scendere la temperatura al di sotto di quella di
“rugiada” del gas può introdurre umidità nella tubazione.

L’H2S produce due tipi di frattura:
•hydrogen-induced cracking (HIC)
•sulphide stress corrosion cracking (SSCC)

Il test per provare la sensibilità dell’acciaio all’H2S si fa immergendo il
provino in una soluzione marina saturata di H2S a pH 5.1÷5.3 (test BP),
altrimenti si usa una soluzione più aggressiva 0.5% CH3COOH + 5% NaCl +
H2S (pH=3.5÷3.8) (test NACE). In entrambi i casi l’immersione dura 96h


